such as how PA is accumulated (e.g., accrued in continuous bouts vs. sporadically), sedentary time, and light intensity activity. 15 Research is emerging to suggest that these characteristics may have an important influence on youth health. For example, moderate-to-vigorous PA (MVPA) accumulated in bouts of at least 5 min reduced risk of overweight independent of the total volume of MVPA 16 and the number of light bouts was beneficially associated with microvascular function. 17 Previous investigations have not evaluated the relation between children's sedentary time, light PA, bouted MVPA and vascular stiffness as PA measurement tools were unable to accurately differentiate these PA outcomes. [12] [13] [14] Thus, the aim of this investigation was to explore the cross-sectional relationship between accelerometer-derived PA/sedentary time and arterial compliance in children. Our specific objectives were to; (i) evaluate the association between PA intensity (MVPA, sedentary time, light, moderate, and vigorous PA) and arterial compliance and (ii) evaluate whether MVPA accumulated in bouts was associated with arterial compliance-independent of total MVPA. We hypothesized that; (i) MVPA, light, moderate, and vigorous PA would be positively associated with arterial compliance; sedentary time would be negatively associated and (ii) bouted MVPA would be associated with arterial compliance-independent of total MVPA.
Methods
Participants and study design. Participants were a subset of 248 children (aged 8-11 years) attending three elementary schools enrolled in a larger cluster randomized controlled trial that evaluated the effectiveness of a school-based physical activity model on child health (Action Schools! BC; Clinical Trials Registry NCT01412203). The model has previously been described in detail elsewhere. 18 We obtained written informed consent from parents/guardians and verbal/written assent from children before measurement. The study protocol was approved by the human ethics research boards at the University of British Columbia and the University of Victoria. Data were collected within the schools before the intervention.
Descriptive characteristics. Descriptive characteristics were age (years), height (cm), body mass (kg), and body mass index (BMI). We determined decimal age as (measurement datebirth date). We measured (in duplicate) height (without shoes) to the nearest 1 mm using a portable stadiometer (Seca model 214; Seca, Hanover, MD) and body mass (in light clothing) to the nearest 0.1 kg using an electronic scale. Height or weight measures that differed by more than 0.4 cm or 0.2 kg, respectively necessitated a third measure. The average of the two closest values or the median of three equidistant values was used for analysis. BMI was calculated as body mass (kg)/height (m) 2 .
Arterial compliance and blood pressure. Large and small artery compliance were measured noninvasively using the HDI/Pulsewave CR 2000 system (Hypertension Diagnostics, Eagan, MN). Briefly, 30-s recordings of radial artery waveforms were acquired from the right arm using applanation tonometry after 5-10 min of supine rest. Waveforms were calibrated using an automated oscillometric blood pressure cuff on the left arm. The diastolic portion of the mean arterial waveform is modeled using a third order equation (modified Windkessel model) 7 and the diastolic pressure decay is partitioned into exponential (representing large artery compliance; ml/mm Hg × 10) and oscillatory components (representing small artery compliance; ml/mm Hg × 100). This method has been validated against invasive measures of brachial artery compliance 7 and magnetic resonance imaging-determined aortic distensibility. 19 We also report supine blood pressure obtained from this device.
PA and sedentary time. The PA measurement protocol has been described in detail elsewhere. 20 Briefly, PA and sedentary time were measured using ActiGraph GT1M accelerometers (ActiGraph, Pensacola, FL) with 15-s epochs. The GT1M is a small, uniaxial accelerometer that detects vertical acceleration of 0.05-2.00 g. The signal is band filtered to the frequency range of 0.25-2.50 Hz in order to exclude nonhuman motion (e.g., riding in a vehicle).
Research assistants fit participants with accelerometers at school and provided instruction on correct wear. Accelerometers were attached to an elastic belt worn around the waist with the accelerometer positioned at the iliac crest. Children were asked to wear the accelerometer during waking hours for five consecutive days and to remove it only for sleep and water-based activities (e.g., swimming and showering). Participants received a log sheet to record accelerometer on and off times each day. Data from the first day were excluded to eliminate between-school differences in distribution time and any initial reactivity to the monitor.
Accelerometer data reduction and analysis. Accelerometer files were individually screened for spurious data points and patterns. Only participants with at least 10 h of data on three or more days were included for analysis. The mean and 95% confidence interval of motionless bout length (i.e., extended periods of zeros) 21 was 25 ± 3 min. Therefore we considered periods of continuous zeros ≥ 30 min biologically implausible and excluded them from our analysis.
We used age-specific cut points to classify activity intensity 22 and used custom software (KineSoft v2.0.94, KineSoft, Denver, CO) to extract the following variables (min/day): MVPA (≥3.0 metabolic equivalents (METs)), sedentary time (<1.5 METs), light PA (1.5-2.9 METs), moderate PA (3.0-5.9 METs), and vigorous PA (≥6.0 METs). Total PA was estimated as accelerometer counts/min. We also extracted patterns of MVPA (min/day accumulated in bouts). Four bout lengths were considered: 0-5, 5-10, 10-20, and ≥20 min. Interruptions to bouts (i.e., intensity below the specified cut point) were permitted as follows. For 0-5 min bouts, interruptions were not permitted. For 5-10 min bouts we permitted a 30-s interruption. For 10-20 min bouts we permitted a 1-min interruption and for bouts ≥20 min we permitted a 2-min interruption.
Statistical analyses. We used Stata Version 10.1 (StataCorp, College Station, TX) for all statistical analyses. Descriptive data are reported as mean (SD) or median (25th and 75th percentile).
Differences between girls and boys on all descriptive variables were assessed using unpaired t-tests and Wilcoxon-MannWhitney rank-sum test (skewed data only). Hierarchical regression was used to evaluate whether PA variables were associated with large or small arterial compliance after controlling for body surface area, systolic blood pressure, BMI, and sex. Overall model fit was assessed using cumulative r 2 and the independent contribution of PA was assessed using the change in r 2 when each PA variable was added to the base model. We tested assumptions of normality, linearity, and homoscedasticity using model residuals. The level of significance was set a priori at P < 0.05.
results descriptive characteristics
The flow of participants through the study is illustrated in Figure 1 . Descriptive characteristics for 105 children (43 boys and 62 girls) with complete arterial compliance and PA data are shown in Table 1 . There were no differences in descriptive characteristics between boys and girls; therefore data were pooled for subsequent analyses. However, as previous research has observed sex differences in brachial distensibility, 23 we included sex as a covariate in our models. Upon visual inspection, three participants (two girls) had values for large arterial compliance that appeared to be outliers (22-25 ml/mm Hg × 10; 3-4 SDs above the mean). Subsequent regression models supported this as there were large residuals for these data points and leverage and influence (Cook's distance) statistics exceeded critical values. Thus, we excluded data from these individuals from subsequent analyses. Mean (SD) for large artery compliance decreased from 9.4 (4.0) to 9.0 (3.2) ml/mm Hg × 10 when these data were excluded. The mean for small artery compliance did not change with the exclusion of these individuals.
association between arterial compliance, physical characteristics, and Pa
The results of the hierarchical linear regression are shown in Table 2 . We included potential confounding variables (body surface area, BMI, and systolic blood pressure) in the base model, which explained 32-35% of the variance for both small and large artery compliance. Subsequent models (base model plus one activity variable) did not explain any additional variance in large artery compliance. For small artery compliance, MVPA, light, and moderate PA explained 2.7-5.8% additional variance. Total PA and MVPA accumulated in bouts of 0-5 min approached statistical significance (P = 0.059 and 0.061, respectively) and explained an additional 2.3-2.4% of the variance in small artery compliance. Sedentary time did not explain any additional variance in small artery compliance; however, when average wear h/day was added to the model, r 2 change increased from 0.2% to Values are mean (SD) or median (p25, p75). There were no differences between boys and girls for any variable. BMI, body mass index; MVPA, moderate-to-vigorous physical activity. 
Provided consent n = 248

Not measured
Moved between consent and measurement n = 1 Incomplete consent process n = 2 Class not measured for arterial compliance n = 58 Absent for arterial compliance n = 27 Absent for physical activity n = 7 Total not measured n = 95
Excluded Physical activity data not valid (pedometer, malfunction, insufficient data for processing) Total and bouted MVPA were not significantly associated with large artery compliance in bivariate or multivariate analyses. Therefore, we did not assess the relative importance of total vs. bouted MVPA for large artery compliance. Total and bouted MVPA were introduced into the hierarchical model in separate blocks to assess their independent contribution to small artery compliance ( Table 3) . Adding bouted MVPA to the model did not explain any additional variance.
discussion
To the best of our knowledge this is the first investigation to use an objective tool to assess PA and sedentary time as a means to examine their association with arterial compliance in children. We extend the literature 12 by presenting three novel findings. First, PA, but not sedentary time, was associated with small artery compliance independent of body surface area, BMI, and systolic blood pressure. Second, PA was not significantly associated with large artery compliance. Third, MVPA accumulated in bouts did not predict arterial compliance independent of total MVPA.
the association between Pa, sedentary time, and arterial compliance
Our findings support research in adults suggesting that physically inactive individuals have lower arterial compliance than their endurance-trained counterparts 8 and that physically active individuals show less age-related arterial stiffening than their physically inactive peers. 9, 24 We previously demonstrated a positive association between physical fitness and arterial compliance, but no association between questionnaire-derived PA and arterial compliance in a group of similarly aged children. 12 These findings highlight the importance of "robust" exposure measures such as objectively measured PA or physical fitness. To our knowledge, there is no directly comparable research in youth. However, our results support previous investigations that reported beneficial associations between objectively The dependent variable was either large or small artery compliance. The first block consisted of body surface area, BMI, and systolic blood pressure. The second block consisted of one physical activity variable. BMI, body mass index; BSA, body surface area; MVPA, moderate-to-vigorous physical activity.
measured PA and endothelial function 13 or carotid-femoral pulse wave velocity 14 in youth. However, the measures of PA used in previous studies (doubly labeled water 13 and 7-day pedometry) 14 were unable to examine importance nuances of PA behavior (e.g., PA bouts and intensity) captured with accelerometry. Increasingly, novel research suggests that bouted activity, 16, 25 light PA, 26 vigorous PA 10,11 and sedentary behavior 27 are important and independent determinants of health. Specifically, light activity is emerging as a very important facet of PA behavior. However, it has received relatively little attention as compared with the overwhelming focus on MVPA. The relation between light intensity activity and small artery compliance we report is similar to reports of an association between light activity and microvascular health in boys 17 and pulse wave velocity in adults. 28 The relation between vascular health and light activity that we and others 17, 28 observed has important public health implications. That is, individuals who are unable or unwilling to meet current MVPA guidelines may still achieve vascular health benefits through participation in light activity.
Although the physiology by which PA may improve arterial compliance in children is unclear, it is likely that many biological pathways are involved. However, known mechanisms whereby regular exercise and PA reduce age-related arterial stiffening in adults offer some clues. Exercise and PA increase blood flow, which induces sheer stress on the vessel wall. Repeated episodes of increased shear stress appear to stimulate the functional and structural vascular changes observed with routine PA. 6, 29 Oxidative stress is reduced and systemic vascular vasodilatory capacity increases through increased expression and activation of nitric oxide synthase. 6, 9 Resting sympathetic activity may be decreased leading to reductions in vascular tone. 29 Structurally, arteries undergo outward remodelling which leads to an increased vessel diameter. 6, 30 Given the positive association we observed between light activity and small artery compliance, even small increases in blood flow and shear stress from light intensity PA may be enough to improve vascular health in children. Also, obesity, 31 metabolic syndrome, 32 and diabetes 33 are associated with poor vascular health. Thus, beneficial effects on the vasculature from light PA may be mediated through its association with daily energy expenditure and energy balance, 34 or metabolic risk factors such as plasma glucose level. 26 
large vs. small arterial compliance
The absence of a relation between PA and large artery compliance may be because of structural and functional differences between large capacitance arteries and smaller conduit arteries. In large arteries, such as the aorta, compliance is a function of vascular structure. Large arteries contain high quantities of elastin and collagen; structural changes such as elastin fragmentation and increased collagen, lead to decreased compliance. 35, 36 In contrast, compliance of smaller, muscular arteries is influenced by a combination of structure and function. The layer of smooth muscle cells found in these small arteries is susceptible to structural changes, such as concentric smooth muscle thickening, and infiltration of collagen and other molecules. However, compliance of smaller arteries is also influenced by functional changes, such as a reduced response to the vasoactive substances of the endothelium. 35 The association of PA with small, but not large, artery compliance suggests that the beneficial effect of PA may be realized through improved vascular function and concomitant reduction in systemic vascular resistance. To support this notion, previous research demonstrated that PA was associated with endothelial function in healthy youth 13, 37 and youth with type 1 diabetes. 38 
total vs. bouted MVPa and arterial compliance
In youth, MVPA accumulated in bouts reduced the risk of being overweight, independent of the total volume of PA. 16 In contrast, we found little evidence that bouted MVPA was related to arterial compliance. When total MVPA was entered into the model first, bouted MVPA did not explain any additional variance in arterial compliance. This suggests that the total volume of MVPA is more important than how it is accrued. From a physiological perspective, it may be the frequency of bouts (of any duration) that increase blood flow (and hence shear stress), that produces vascular benefits. In young boys, the frequency of bouts of at least light intensity was associated with microvascular health. 17 It may be important for future research to consider both the volume of activity accumulated in bouts and the number of activity bouts.
Our findings support the most recent revision of Canada's PA guidelines for children and youth where specific patterns of PA are not recommended due to a lack of evidence. 39 That said, it is possible that our data were inadequate to address this, as relatively few children accrued MVPA in bouts of at least 5 min. Fewer than 40% of children engaged in bouts of MVPA 10-20 min in length and 70% did not engage in bouts longer than 20 min.
Although for the purpose of this study we chose to focus upon MVPA accumulated in bouts, other aspects of bouted activity may be important. For example, in adults, those with shorter bouts of sedentary time had a healthier metabolic profile than those with prolonged sedentary time. 25 In our analyses, average sedentary time/day and arterial compliance were not significantly associated. Given that many metabolic risk factors are also predictors of arterial compliance in adults, 40 it is possible that bouted sedentary time or the number of sedentary bouts might be better associated with arterial compliance than sedentary time.
limitations
We acknowledge that our study had several limitations. First, this is a relatively small sample of healthy children, therefore our ability to detect associations between some PA variables and arterial compliance may have been limited. Second, because of the cross-sectional study design, we do not infer a causal relationship between low PA and reduced small artery compliance. Third, although low arterial compliance predicts cardiovascular events in adults 41 we do not know whether there are long-term health implications of low arterial compliance during childhood. Fourth, as many children did not accumulate MVPA in medium or long bouts we may have been unable to detect an association between bouted MVPA and arterial compliance.
In conclusion, objectively measured PA is associated with small, but not large artery compliance in children aged 8-11 years. Future research should explore the influence of bout frequency and the effect of a PA intervention on arterial compliance.
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